ABSTRACT We investigated the effects of indirect host stimuli (host fruit and host adult ßy residues), direct host stimuli (oviposition), food supply (honey), and mating status on egg maturation of the synovigenic parasitoid, Fopius arisanus (Sonan), a highly successful biological control agent that attacks eggs of many tephritid ßy pests. Female wasps normally reach a peak of mature egg-load on 4 Ð 6 d posteclosion. When providing female wasps with honey, access to these indirect host stimuli or males for 3 d after eclosion did not signiÞcantly increase the mature egg-load of the parasitoid on the fourth and sixth day posteclosion compared with the control treatment. When deprived of honey and housed with males, females that had access to indirect host stimuli during the Þrst 3 d after emergence had a signiÞcantly higher egg-load on the sixth day than those denied access to direct or indirect host stimuli. The act of oviposition signiÞcantly increased the rate of egg maturation and minimized resorption in both the young and 6-to 7-d-old female wasps, regardless of honey supply. However, resorption of eggs by females did not increase their longevity, even when they were deprived of honey. Our results suggest that the effect of indirect host stimuli on egg maturation in this parasitoid is relatively subtle compared with the effect of oviposition and is not easy to detect because of the larger effects of oviposition and possible interaction with factors such as food supply. 
OVIPOSITION DECISIONS IN PARASITOIDS are fundamentally dynamic, changing in response to physiological state (egg-load, mating status, etc.), and informational state (host availability, previous foraging experience, etc.) (Mangel 1989 , Mangel and Roitberg 1989 , Roitberg 1989 , Rosenheim and Rosen 1991 , Mangel 1992 , Minkenberg et al. 1992 , Michaud 1994 , Henneman et al. 1995 , Papaj 2000 . State-dependent oviposition models often assume that egg-load, as a dynamic variable, is an important factor inßuencing oviposition decisions by parasitoids, especially synovigenic species (Mangel 1989 , Mangel and Roitberg 1989 , Minkenberg et al. 1992 , Fletcher et al. 1994 , Casas et al. 2000 . However, our current understanding of dynamic oviposition behavior in parasitoids has often neglected the underlying mechanism or physiology associated with ovarian developmental dynamics in relation to host use (Papaj 2000) . A critical issue is how does a parasitoid continuously adjust the rate of egg maturation in response to changing host availability?
Many abiotic and biotic factors such as temperature, humidity, photoperiod, host feeding, mating status, and oviposition (direct host stimuli) inßuence ovarian development in insects. Interestingly, Papaj (2000) recently proposed that indirect host stimuli, deÞned as stimuli from host resources such as host plants or other host-associated cues, might promote ovarian development in parasitoids. He suggested that such a mechanism, if it occurs, would constitute stronger evidence of adaptation in ovarian development. At present, no evidence from empirical studies supports this hypothesis. To test this hypothesis, we investigated the possible effects of several factors, including indirect host stimuli, on egg maturation of Fopius arisanus (Sonan).
F. arisanus is a solitary endoparasitoid, attacking eggs of many tephritid fruit ßy species on a wide variety of cultivated and uncultivated fruits and vegetables (Wharton and Gilstrap 1983) . The parasitoid is currently the only egg parasitoid of tephritids established in the Western Hemisphere (Wharton and Gilstrap 1983) and is competitively superior to all larval fruit ßy parasitoids tested (Wang and Messing 2002 , 2003a , 2003b . It is the most successful classical biological control agent of tephritid ßy pests (Wharton 1989, Wang and Messing 2003b) and has also been mass-reared for augmentative biological control programs in Hawaii (Purcell et al. 1998 , Bautista et al. 1999 .
The foraging behavior of F. arisanus was recently documented (unpublished data). The parasitoid is efÞcient in locating hosts, in responding to host density, and in using the presence of host-associated cues such as oviposition punctures. Both color and odor from ripening fruits are important cues for the parasitoidsÕ host habitat location (Haramoto 1953 , Liquido 1991 , Vargas et al. 1991 . Female wasps are able to avoid superparasitism after oviposition experience in unparasitized hosts (unpublished data). In addition, associative learning of host microhabitats inßuences host fruit preference and thus potential Þtness (Dukas and Duan 2000) . These behavioral traits make this wasp an ideal species for testing optimality hypotheses regarding the reproductive and evolutionary biology of parasitoids.
Some aspects of the reproductive biology of F. arisanus have been documented (Haramoto 1953 , Ramadan et al. 1992 , 1994 , Bautista et al. 1998 . It is a synovigenic species. Female wasps emerge with a small complement of eggs and then mature more eggs over time, reaching a peak at 4 Ð 6 d after emergence when provided with food but deprived of hosts (Ramadan et al. 1992) .
There is circumstantial evidence that oviposition may promote egg maturation of F. arisanus (Haramoto 1953 , Ramadan et al. 1992 , Lawrence et al. 2000 . However, detailed information on the potential factors inßuencing egg maturation dynamics of this species is lacking. In particular, the effects of indirect host stimuli are unknown, because previous studies were not intended to evaluate this issue and did not distinguish between the effect of indirect host stimuli and direct oviposition experience.
Detailed information on the reproductive biology of this parasitoid may be of great value in improving mass-rearing techniques and augmentative release programs. We therefore investigated the factors inßuencing ovarian development. SpeciÞcally, we documented the effect of host-associated stimuli (host fruit and host-associated cues), mating status, food supply, and actual oviposition on egg maturation in this species. Our particular interest was to determine if contact with indirect host stimuli without actual oviposition could trigger egg maturation in this parasitoid. We also compared the effects of these factors on the female waspsÕ longevity and egg resorption.
Materials and Methods
Parasitoids, Hosts, and Host Fruit. F. arisanus were provided by the PaciÞc Basin Agricultural Research Center, USDA-ARS, Honolulu, HI, where the parasitoids were reared according to methods described by Bautista et al. (1999) . Parasitized host puparia were shipped by air from the rearing laboratory to the Kauai Agricultural Research Center, where we conducted the experiments.
We used eggs of the Mediterranean fruit ßy (medßy), Ceratitis capitata (Wiedemann), as hosts. The ßy population was maintained on artiÞcial diet (Tanaka et al.1969) at the Kauai Agricultural Research Center. Newly formed puparia were collected into cages (25 by 25 by 25 cm) containing water and adult ßy diet, and 10-to 12-d-old ßies were used to collect host eggs for the experiments.
Coffee berries, Coffea arabica L., a major host of C. capitata, were used as host fruits. Coffee twigs harboring mature yellow fruits were cut in a coffee orchard at the Kauai Agricultural Research Center. All berries were carefully examined under a microscope in the laboratory for the presence of host ßy oviposition scars and were rinsed thoroughly in tap water to remove residues left by wild host ßies or parasitoids. Only mature, uninfested, intact fruits were selected for the experiments. Each twig was cut into 5 cm lengths that harbored 2 or 4 Ð5 fruits (depending on the experiment, see below) with a single leaf, and the base of the twig was inserted into a 200-ml vial Þlled with water. These coffee twigs were used as host patches for the experiments.
Three experiments were conducted under the same laboratory conditions (22 Ϯ 2ЊC, 65 Ϯ 10% RH, 12L:12 D, 3500 lux).
Effect of Indirect Host Stimuli, Mating Status, and Oviposition on Egg Maturation of Young Females. This experiment was designed to investigate the effects of host-associated stimuli, mating status, and actual oviposition on egg maturation in young female F. arisanus. From previous studies we know that both physical appearance of host fruit and chemical stimuli emitted from fruits are attractive cues to the parasitoid (Liquido 1991 , Vargas et al. 1991 , and the presence of adult ßy residues on host fruit increases the parasitoidÕs searching time (unpublished data). The wasps probe scars and punctures on landing on a host fruit. Here, we test if cues associated with the presence of hosts such adult host ßy residues and oviposition scars may inßuence ovarian development of the parasitoid. Because a naṏve female F. arisanus normally reaches her maximum mature egg-load 4 Ð 6 d posteclosion when given access to food and males (Ramadan et al. 1992) , in this experiment we intended to test the role of these factors on egg maturation during the Þrst 3 d after emergence.
The experiment consisted of six treatments. In the Þrst three treatments, 60 females were held together in a Plexiglas and screen cage (30 by 30 by 30 cm) from the time of eclosion from the host puparia. The females had no access to hosts or host fruit since eclosion (treatment 1); access to host patches that were contaminated by adult ßy residues and containing artiÞ-cial punctures but no host eggs (treatment 2); or access to host patches that were infested with host eggs (treatment 3) for 3 d after eclosion. In the last three treatments, all other conditions were the same as the Þrst three treatments, except 90 males were housed with the females in each treatment.
We used individual wasps that were reared in the same colony and assumed that all the individuals in that colony had acquired the same nutrient status during the larval stage. After arrival of the parasitized ßy puparia from the rearing laboratory, Ϸ800 individuals were maintained individually in plastic cups (3 by 3 by 5 cm). Adult male wasps eclosed within 1Ð2 d, while females emerged within 2Ð3 d. We checked each cup every 4 h during the day (with 12-h intervals between successive days). Newly emerged male wasps were evenly distributed into the last three experimental cages until each one contained 90 males. We used female wasps that emerged within a 12-h period, and these newly emerged females were evenly distributed among the six experimental cages. It was noted that a few females emerged with their ovipositors curved (indicating a possible disability) and those females had difÞculty reaching their ovipositor into a fruit (unpublished data). Thus, only females that emerged with a straight ovipositor were used in the experiment.
Immediately after the release of the wasps into the experimental cages, water was provided in 20-ml containers with a wick, and undiluted honey (Spun, Premium Honey, Sioux City, IA) was evenly dotted over the screen surface of the cages. Fresh honey was supplied throughout the experiment to ensure that the amount of honey in each cage was never depleted. Female wasps were assumed to have mated during the 3 d when they were housed with males.
To determine the status of egg maturation of newly emerged females, 30 additional females that emerged within 24 h were randomly selected and dissected to count the mature egg-load in their ovaries. Female F. arisanus have two polytrophic ovaries, each with two ovarioles, and mature eggs are held in the base where the two ovarioles form a swollen calyx. Immature oocytes have a nutritive attachment of trophocytes at the end, while mature eggs are chorionated and lack the attachment of trophocytes (Lawrence et al. 2000) . When the ovarioles are dissected, mature eggs are recognized as being turgid, transparent, and ellipsoid under a microscope.
The host egg-infested patches were prepared 24 h before their exposure to the experimental wasps in treatments 3 and 6 (see Table 1 ). On each of 3 d, a group of 10 host patches, each containing 4 Ð5 coffee fruits, was provided in each of the two experimental cages. The 10 host patches were Þrst exposed to Ϸ50 medßy females in a cage (25 by 25 by 25 cm) for 24 h and were then moved into the experimental cage. After a 24-h exposure, one fruit was randomly selected from each patch and was dissected to determine the number of ßy oviposition punctures, number of ßy eggs in each puncture, and number of parasitoid eggs present in each ßy egg. We estimated the mean number of ovipositions per female wasp per day based on the dissection of the 10 sampled fruits. Final dissection showed that each fruit contained 1Ð3 punctures and each puncture contained an average of 8 Ð10 ßy eggs.
The host patches that were contaminated by host ßy residues were also prepared 24 h before their exposure to the experimental wasps in treatments 2 and 5 (see Table 1 ). As in the above two treatments, on each day for 3 d, a group of 10 host patches, each containing 4 Ð5 coffee fruits, was provided in each of the two experimental cages. To obtain ßy-contaminated patches, each host patch was placed in a cage (25 by 25 by 25 cm) containing 20 medßy females. We only allowed the ßies to search on the fruits. Any oviposition attempts (ovipositor boring) by the ßies were stopped immediately with a Þne brush. Thus, the fruits contained some host adult residues but no host eggs. After the contamination, each fruit was artiÞ-cially punctured twice using an insect needle (pine size 1). The female wasps were observed to antennate on the fruits and probe the artiÞcial punctures.
On the fourth and sixth day posteclosion (the second and fourth day after the above treatments), 10 females were randomly selected from each experimental cage and were dissected to determine their mature egg-load and the number of eggs that were obviously resorbed by the females. At the dissection, some eggs were completely resorbed with only chorion remnants, whereas some eggs were partly resorbed with broken bodies. We only counted these resorbed eggs that were left either with only chorion remnants or obviously broken bodies. It is difÞcult to determine those eggs that were at the very beginning of resorption. Thus, we may slightly underestimate the actual number of resorbed eggs.
The remaining females in each cage were monitored daily until all had died. The dead females were then dissected to determine their mature egg-load.
Effect of Food Deprivation on Egg Maturation of Young Females. This experiment was designed to investigate egg maturation and resorption by the parasitoid in the absence of carbohydrate energy sources (honey). Without food, it might be crucial for the females to trade-off current survival against future reproduction. a All values (mean Ϯ SE) followed by the same letter in the same column are not signiÞcantly different (ANOVA, P Ͼ 0.5, Statistics for Windows 4.0).
b Mature eggs included the resorbed eggs in the next column.
Host puparia (from the rearing laboratory, but on a different shipping date) that were parasitized by F. arisanus were individually held in cups as in the above experiment, and newly emerged wasps (0-to 12-h-old females) were used.
The experiment consisted of three treatments. In each treatment, 90 males and 60 newly emerged females were held together in a cage as in the above experiment, but only water was provided.
On each of the Þrst 3 d posteclosion, females were held without access to either coffee berries or ßy eggs (treatment 1) or were provided with 10 ßy-contaminated patches (treatment 2) or 10 ßy egg-infested patches (treatment 3). Both the ßy egg-infested and ßy-contaminated patches were also prepared 24 h before the exposure, following the same procedures as in the above experiment.
Similarly, the mean number of ovipositions per female per day was estimated based on dissection of 10 randomly sampled coffee berries. On the fourth and sixth days, 10 females from each treatment were randomly selected and dissected to determine their mature egg-load and the number of resorbed eggs in their ovaries. The remaining females in each cage were monitored until all the females died, and the dead females were dissected to count mature eggs in their ovaries.
Effect of Oviposition on Further Egg Production in 1-wk-old Females. In this experiment, we manipulated individual females to determine the effect of oviposition on egg production by F. arisanus. In contrast to the above two experiments, in this case, we used 6-to 7-d-old females that had been housed with males but deprived of hosts since eclosion in a holding cage (25 by 25 by 25 cm), with water and honey provided throughout. Those female wasps were presumed to have mated and already contained the highest mature egg-load in their lifetime (Ramadan et al. 1992) . The aim of this experiment was to determine if direct oviposition further increased egg production by those relatively old female F. arisanus.
On the day before the experiment, individual female wasps were aspirated directly from the holding cage, were individually held in plastic cups (3 by 3 by 5 cm), and were provided with a drop of honey on the cup wall and water adsorbed on a piece of tissue paper.
The experiment consisted of four treatments.
(1) Individual females were held in cups without access to either host ßies or coffee berries. (2) Individual females were provided with a patch harboring two coffee berries in a small cage (11 by 13 by 14 cm) for 24 h. The two berries were contaminated by allowing a single female ßy to search over them 24 h before exposure to the females, and each berry contained an artiÞcial needle puncture but no ßy eggs. (3) Individual females were provided with a host patch harboring two berries in the small screen cage for 24 h. Each fruit was infested with one clutch of ßy eggs 24 h before the exposure. (4) Individual females were provided with a group of Þve host patches, each harboring two berries in the small cage for 24 h. Each berry contained one clutch of ßy eggs.
For the latter three treatments, the wasps were recovered from the small cages after a 24-h exposure and were individually placed back in the holding cups, and all coffee berries were dissected to determine the number of the parasitoid eggs present in each ßy egg. All the tested wasps were dissected on the second day to determine their mature egg-loads. Each treatment was replicated 15Ð20 times.
Data Analysis. On dissection of the experimental wasps, a few females were found with extremely low egg-load, but their bodies were Þlled with white fatlike globules, while normal females had no such fat globules. Thus, those females were considered abnormal and were not included in the analysis.
For all comparisons between or among treatments, analysis of variance (ANOVA) procedures were performed (Statistics for Windows 4.0, analytical software).
Results
Egg Maturation Dynamics. Dissection showed that female F. arisanus Ͻ24-h-old contained a mean Ϯ SE of 18.2 Ϯ 1.89 mature eggs (n ϭ 30). When provided with food, naive females contained a mean of 101 Ϯ 4.1 mature eggs in their ovaries on the fourth day posteclosion, and there was no signiÞcant increase in the number of mature eggs on the sixth day (98 Ϯ 3.8; Table 1 ; F ϭ 1.08; df ϭ 1; P ϭ 0.3127). The naive females started to resorb eggs on the fourth day (Table 1) , and their mature egg loads decreased over time; naive females that died after 30 d contained only Ϸ20 mature eggs.
Effect of Indirect Host Stimuli, Mating Status, and Oviposition on Egg Maturation of Young Females.
There was no signiÞcant difference in the mature egg-load of 4-d-old females among the six different treatments (Table 1) . When provided with host eggs during the previous 3 d, unmated females laid a mean of 15.3 eggs per wasp, whereas females housed with males since emergence laid a mean of 67.5 eggs per wasp (Table 1) . When this mean number of estimated ovipositions during the 3-d exposure to hosts was added to the mature egg-load of the 4-d-old females, the actual mature eggs produced by females that had access to hosts was substantially greater than those deprived of hosts. Thus, oviposition increases egg maturation in this parasitoid.
The effects of other tested factors in this experiment on the egg maturation were not signiÞcant ( Table 1) . The mature egg-loads of females that experienced more oviposition during the Þrst 3 d (treatment 6) increased further on the sixth day and contained signiÞcantly more mature eggs than the other Þve treatments (Table 1) .
Fewer mature eggs were resorbed by females with access to hosts than those deprived of hosts (Table 1) . In each treatment, egg resorption increased with increasing time of host deprivation (Table 1) . However, there was no signiÞcant difference in the mean longevity of female wasps among the different treatments (Table 1) .
Unmated females laid fewer eggs than those that had been housed with males since eclosion (Fig. 1) . Some females started oviposition on the Þrst posteclosion day. The mean number of eggs deposited daily increased with age over the Þrst 3 d (Fig. 1) . On the third day, Ϸ90% of the host eggs were parasitized by females that had been housed with males.
Effect of Food Deprivation on Egg Maturation of Young Females. When deprived of honey, there was no signiÞcant difference in mature egg-load on the fourth day among the female wasps in the three different treatments (Table 2 ). The mature egg-load of females deprived of honey was approximately the same as those provided with honey (see Table 1 , the last three treatments). Daily oviposition by the females that were provided with ßy eggs also increased over the 3 d (Fig. 1) , and on average, each female laid Ϸ52 eggs on the 3 d. Thus, when these eggs were included, the total number of mature eggs produced by the females that had oviposition experience was substantially higher than those without access to hosts. Oviposition also reduced resorption (Table 2) . Again, resorption of eggs did not improve survival of hostdeprived females, even when there was no other food supply. Most females could live for about 7 d, and died with plenty of mature eggs remaining in their ovaries (Table 1) .
Effect of Oviposition on Further Egg Production of 1-wk-old Females. Even when the female wasps were 6-to 7-d-old and already had the highest egg-load in their lifetime, oviposition in the last 24 h continued to increase their mature egg production (Table 3) . Only when they were provided with an abundance of host eggs over the last 24 h (on average each female laid 44 eggs during the 24 h), the number of mature eggs produced by these females was not signiÞcantly higher than those wasps deprived of hosts (Table 3 ). This suggests that the parasitoids may need some time to replenish their egg supply when the oviposition rate is extremely high.
Discussion
Ovarian development in F. arisanus seems to be adjusted primarily by an inherent physiological mechanism. Eggs mature rapidly after emergence, regardless of food supply, and females are ready to lay abundant eggs within a few days after eclosion. When deprived of hosts, eggs are accumulated over short periods, and then females seem to virtually shut down egg production after 4 Ð 6 d, possibly because of the size limit of their abdominal cavity. However, the waspsÕ nutrient reserves appear to be not totally depleted; when provided with hosts even on the sixth day, the females can resume egg production.
Oviposition stimulates egg maturation regardless of food supply. When more eggs were laid, more mature eggs were produced (Tables 1 and 3 ). When provided with food, other external environmental factors tested in this study, such as indirect host stimuli and mating status did not lead to a prompt increase in egg maturation in this parasitoid. The mean egg-load of females with access to indirect host stimuli of host-associated egg-load of 4 to 6-d-old female F. arisanus that had been housed with males but deprived of honey and either had no access to flies and coffee berries, access to berries that contained fly-associated cues only, or access to berries infested with C. capitata eggs during the first 3 d after emergence a Values (mean Ϯ SE) followed by the same letter in the same column are not signiÞcantly different (ANOVA, P Ͼ 0.5, Statistics for Windows 4.0).
b Access to host fruits that contained artiÞcial punctures and adult host ßy residues. cues was not signiÞcantly higher than females without access to any host-associated cues (Tables 1 and 3 ). There was a relatively large variation in egg-load among individual females. Any effect of indirect host stimuli on egg maturation, if it exists, seems to be marginal and difÞcult to detect because of the stronger direct effects of oviposition and individual variation in egg-load.
However, when deprived of honey, the mature eggloads of those females that were allowed access to ßy eggs or host-associated cues during the Þrst 3 d had signiÞcantly higher egg-load on the sixth day than those females denied access to both ßy eggs and host fruits ( Table 2 ). This suggests the existence of possible interactions among food stimuli and indirect host stimuli. To be sure, both effects are subtle, in comparison with the effect of oviposition, but when food is supplied, the effect of indirect host stimuli may be masked and requires closer examination.
The role of oviposition in egg maturation is well known in parasitoids (Papaj 2000) . For instance, it was also found in another opine braconid fruit ßy parasitoid, Diachasmimorpha longicaudata (Ashmead) (Lawrence et al. 1978) , as well as the aphid parasitoid, Monoctonus paulensis (Ashmead) (Michaud and Mackauer 1995) . It was also noted in previous reports that the egg-load of female F. arisanus provided with hosts seemed higher than those deprived of hosts (Haramoto 1953 , Ramadan et al. 1992 , Lawrence et al. 2000 , but these previous studies did not distinguish between indirect and direct host stimuli.
Understanding this oviposition-mediated mechanism of egg maturation dynamics may help us to build more realistic oviposition models in parasitoids. Many discussions on parasitoid oviposition decisions neglect the mechanisms underlying ovarian development (Papaj 2000) . State-dependent oviposition models assume egg-load in a parasitoid is relatively constant within a period and thus predict that, as parasitoids become egg-limited, they should use the remaining eggs parsimoniously with decreasing egg-load (Mangel 1989 , Mangel and Roitberg 1989 , Minkenberg et al. 1992 , Fletcher et al. 1994 ). This could be true in some synovigenic parasitoids that produce few eggs at a time, mainly by using nutrients ingested through hostfeeding and having a delay between nutrient acquisition and egg production (Collier 1995 , Heimpel et al. 1996 . Such parasitoids therefore should trade current for future reproduction (Rosenheim 1996 (Rosenheim , 1999 , and egg supply would depend on the balance between the rate of egg maturation and rate of oviposition (Casas et al. 2000) . However, in synovigenic parasitoids such as F. arisanus, egg maturation seems to be relatively rapid, and oviposition stimulates egg maturation and reduces resorption. Increased oviposition activity increases egg-load. Haramoto (1953) showed that F. arisanus, when continually provided with hosts, laid an average of 741 eggs during their life span, and could deposit as many as 102 eggs in a 24-h period. Only in cases where the females were provided with extremely high host densities (44 ovipositions over 24 h), did egg replenishment require a delay in time. In the Þeld, it is unlikely that a female could locate so many hosts within 24 h. Egg limitation on a daily basis in the Þeld is thus less likely. With such a quick rate of egg maturation, evolutionary pressures acting on optimal oviposition decisions based on the physiological state (egg-load) could be relaxed.
The inßuence of food supply on the mature egg-load of host-deprived F. arisanus was not signiÞcant, but food is critical for the survival of the parasitoid. Foraging for food resources is crucial for many parasitoids in the Þeld. For example, in the braconid Cotesia rebuclar, Siekmann et al. (2001) suggested that a female needs to Þnd at least one meal per day to survive in the Þeld. Resorbing reproductive materials does not seem to improve survival of host-deprived female F. arisanus. Ramadan et al. (1992) also reported that there was no difference in mean longevity between host-deprived and ovipositing female F. arisanus. The females depend mainly on external sources of adult nutrition for survival (Ramadan et al. 1992) . Without an external food supply, the females can only survive for about 7 d, even under suitable and constant temperature conditions, and they would thus die with an abundance of available eggs remaining in their ovaries. Thus, in nature, parasitoids may face a risk of time limitation, which should cause females to adopt strategies that increase the rate at which hosts are found. The potential fecundity of the parasitoid would be dependent on food supply (Bautista et al.2001) . With a continual supply of food and access to hosts, egg production would be greatly enhanced and egg resorption by F. arisanus would be minimized.
Evidence of indirect host stimuli (independent of oviposition) acting as promoters of ovarian development is not obvious in this parasitoid. It is probably not common in parasitoids, because no such evidence has been documented to date. However, it is more common for host plant stimuli to have direct effects on ovarian development in phytophagous insects (Papaj 2000) . To be adaptive (Papaj 2000) , indirect host stimuli as promoters of ovarian development in parasitoids would likely occur when (1) the host environment is unpredictable; (2) stimuli from host-associated cues are more useful indicators of the host presence than other stimuli; and (3) there is a trade off, such that costs and beneÞts of ovarian development trade off against those of some other contribution to Þtness.
Although F. arisanus is a generalist species, the cues we tested are normally used by the parasitoid to locate hosts (unpublished data), and there should be a strong association between those cues and host resources. Also, costs of egg maturation seem to be low in this parasitoid, because the longevity is not inßuenced by oviposition or resorption of reproductive materials, and selection pressure on the timing of egg maturation is probably low.
The fact that F. arisanus is able to produce substantially more mature eggs through oviposition experience could improve mass-rearing techniques and augmentative release strategies. Providing female wasps with a constant daily supply of hosts could increase production of parasitoid progeny in mass rearing. It may be also possible to maximize Þeld parasitism of hosts by providing access to host eggs before the femalesÕ release.
